Background: The aim of this study was to elucidate the natural history of appendicitis with respect to prehospital duration of pain before operation.
Introduction
Acute appendicitis is one of the most common surgical diseases, but diagnostic problems are common, even for experienced surgeons. In the clinical presentation of appendicitis, there are various symptoms and signs with almost infinite variations [1] . At least 20% to 30% of the patients have atypical symptoms, signs or laboratory findings. Although physician-related diagnostic delays have been reported [1, 2] , patient-related factors constitute the main reason of delays [3] [4] [5] . It is assumed that there has been a close relation between the level of inflammation or perforation and duration of inflammation [6] , however, this idea has been declined with an argument among two main appendicitis types with and without tendency to perforation [7, 8] . There have been lack of data on the progress of appendicitis in time [3, 9] and it is unclear whether the risk of appendix perforation is mainly related to the duration of inflammation or it is because of the patient related factors. It is suggested that acute appendicitis is more aggressive disease in the elderly, presenting a more rapid progression towards perforation [10] . The objective of this study is to identify the natural history of appendicitis, based on the pre-operative duration of pain.
Materials and Methods
This study was retrospectively conducted in patients who were hospitalized with acute appendicitis pre-diagnosis in Izmir Ataturk Training and Research Hospital, 1st General Surgery clinic between January-2006 and December 2009 and who underwent to appendectomy surgery. During the study period, 372 patients with acute appendicitis were operated, 363 of those, who could remember the onset of abdominal pain, were included in the study. age of 14 years were excluded. Diagnosis was made by the surgeon, who was on duty in the emergency surgery clinic, on the basis of the patient's history and clinical findings. All appendectomy operations were performed as open surgeries. All appendectomy samples were histologically evaluated by the same pathologist in the hospital. All female patients were pre-operatively evaluated by obstetrics and gynecology physicians and patients were operated in the case that other operative pathologies were not detected as a result of these consultations.
Patients were separated into 3 groups according to their histological and clinical symptoms:
Group 1: Patients with macroscopically identified acute appendicitis, who pathologically demonstrated polymorphonuclear infiltration in the appendix wall, and patients with chronic appendicitis and reactive lymphoid hyperplasia without any pathological finding.
Group 2: Patients with macroscopically detected partial or complete phlegmonous appendicitis and pathologically detected intact appendix mucosa, moderate inflammatory cell infiltrant or partial necrosis.
Group 3: Patients with macroscopically or histologically-detected perforated acute appendicitis or cell infiltrant with perforated appendix mucosa or a strong panmural inflammatory appendix in correspondence with an accompanying inflamed appendix.
During the course of the study, there were 45 negative appendectomy cases (19 male and 26 female) and all of them were excluded. The final diagnosis of these cases were as follows: Non-specific abdominal pain (n = 12), lymphadenitis mezentherica (n = 3), Meckel's diverticulitis (n = 2), gastroenteritis (n = 2), cholecystitis (n = 2), uroteric calculus ( n = 1), primary peritonitis (n = 1), FMF (n = 1), carcinoid tumor (n = 1), gastroenteritis (n = 1), urinary tract infection (n = 3), Miliary tuberculosis (n = 1), Crohn's disease (n = 1), Pelvic inflammatory disease (n = 4), ovarian cyst rupture (n = 8), ruptured ectopic pregnancy (n = 1), endometriosis (n = 1).
Preoperative white blood cell count (WBC), hemoglobin (HB) and the ultrasonography (USG) results were analyzed for characteristics of the diagnosis. Age, gender, duration of symptoms before admission, duration of hospitalization, length and width of appendix were recorded. The collected data were recorded in an electronic database (Microsoft Excel for Windows), mean values and standard deviations (SD) of numerical factors were calculated and the data were analyzed.
SPSS16.0 program was used for the statistical calculations. Kolmogrov-Smirnov test was performed in order to measure compliance of data distribution. According to this test, there was sufficient number of cases in each group complied with normal distribution. However, as some of the groups were non-complied to normal distribution and with less variable size, Mann Whitney U test was applied for continuous variables. Chi-Square analysis was performed in order to test the rates between the groups. Age of the patients and duration of the symptoms were considered as a risk factor for perforation. Each risk factor was tested by using the univariate logistic regression analysis. The relationship between these variables n the multivariate logistic regression analysis was evaluated. For the age group, there was no significant difference in the gender distribution (P = 0.516 and P > 0.05). Therefore, gender was not tested as a factor in the multivariate analysis.
Results
Totally 363 patients, 145 women and 218 men, were included in our study. .9% (n = 52) of males were in Group 1, 55.5% (n = 121) of males were in Group 2 and 20.6% (n = 45) of males were in Group 3. These rates were 42% (n = 61), 42% (n = 61) and 16% (n = 23) respectively for females. The number of perforated cases were higher in males compared with females and the difference was found to be statistically significant (P = 0.008 and P < 0.05). At the time of pathology, 29.4% (n = 64) of males were in Group 1, 56.4% (n = 123) of males were in Group 2 and 14.2% (n = 31) of males were in Group 3. These rates were 46.9% (n = 68), 43.4% (n = 63) and 9.7% (n = 14) respectively for females. The number of phlegmonous and perforated cases were higher in males compared with females and the difference was found to be statistically significant (P = 0.033 and P < 0.05). Demographic characteristics of patients are shown in Table 1 and Table 2 . Duration of symptoms in patients with perforated appendicitis was significantly longer (68.80 ± 12.40 hours and P = 0.000, P < 0.001). This was found to be statistically significant for both males (P = 0.004) and females (P = 0.001). No difference was found between patients over and under the age of 50, in the basis of the duration of pain during the pre-operation period (P = 0.584 and P > 0.05). In the analysis of stratums in perforated patients, based on the age and sex, duration of pre-operative symptoms was very long in females, compared with males. However, this is not statistically significant (P = 0.486 and P > 0.05) ( Table 3 ).
In the comparison of WBC levels of the groups, high levels of WBC levels in patients with appendix perforation were statistically significant (P < 0.05) (Fig. 1) .
No significant difference was found between the groups in the basis of appendix size and Hb levels (P > 0.05). Considering the appendix width, the difference between 3 groups was statistically significant (P < 0.05). Appendix width in group 3 was larger than the other groups (Table 4) .
It was statistically significant that time of hospitalization was increasing in accordance with the increasing degree of inflammation (Table 5) .
Comparison of the pre-operative USGs did not reveal a statistically significant difference between the rates of consistency of USG with pathology (P > 0.05). However, the highest rate of consistency between USG and pathology was identified in perforated group (Table 6) .
Mortality was not observed in any of the included patients. Rates of morbidities were found as 3.5% in total of Group 1 and Group 2 and 26.6% in Group 3. In Group 1, one patient experienced post-operative sub-ileus and one patient experienced pneumonia. In Group 2, 2 patients experienced post-operative sub-ileus, 2 patients experienced pneumonia and 5 patients experience post-operative scar infection. In Group 3, 3 patients experienced post-operative sub-ileus, 1 patient experienced pneumonia, 1 patient experienced periapendicular abscess and 7 patients experienced scar infection. 
Discussion
The major finding of this study is that the time between the onset of symptoms and admission was significantly longer in patients with appendix perforation comparing with the patients with lower inflammation level. Appendix perforation increases the risk of complications up to 39% and if there is no perforation during the operation, this rate is about 8% [11, 12] . Also in our study, complication rates were 26.6% and 3.7% in the groups with and without perforation, respectively. Furthermore, in patients with perforated appendix, duration of post-operative hospitalization was significantly higher compared with the other groups.
There have been continuous arguments whether the delays of diagnosis are due to patient-related or physicianrelated factors. Our findings were consistent with the results of previous study, which showed that, appendix perforation mostly depended on the duration of the pre-admission [3, 5, 9, 13] . However, some authors have been emphasizing the importance of physician-related delay of diagnosis, as a cause of advanced appendicitis [2] . In our study, 2 of 11 patients, who were not operated up to 24 hours after the admission, were in perforation group. These two patients with performed appendix were hospitalized during total of 12 days after the operation and scar infection developed in one of those. This is reflecting the diagnostic difficulties and repetitive examination policy for non-certain cases. As a result, it may be possible to avoid perforation by an earlier operation. In contrast to a study, which was representing these kinds of delays in elderly [14] , delayed cases were in 20 -49 years aged group in our study.
One of the limitations of this study was the exclusion of patients under the age of 13 years old, as they could not be operated due to the absence of pediatric surgeon in the study center.
Diagnostic difficulties are well known for the women in childbearing potential and they generally have uterine or adnexial disease originated symptoms, which could not be differentiated from appendicitis. In our study, 22 of 26 female cases who underwent to negative appendectomy, were the women in childbearing potential.
There have been attempts to confirm the diagnosis with ultrasound and computed tomography (CT). There are several studies, confirming the use of these diagnostic devices [15, 16] . In the evaluation of USGs in our study, the rate of consistency between method and pathology was highest in the perforated group. However, this difference was not statistically significant. This represents that the importance of USG is the second compared with the clinical examination.
In a prospective, randomized study comparing clinical examination and CT for the diagnosis of acute appendicitis, CT did not increase the accuracy of the diagnosis [17] . CT was not used in our study. According to our data, developed diagnostic methods could only prevent a limited number of perforations, because most of these perforations occured before the admission. Nonetheless, clinical judgment was considered as the most important diagnostic method.
Considering the duration of inflammation, age was not found to cause a pre-admission delay. In our study, there was not a statistically significant difference in the mean duration of pain in the pre-operation period, comparing the patients under and over 50 years old. The duration of symptoms in patients with perforation was relatively long in females, compared with the males. However, this was not statistically significant. Nonetheless, in some studies, most of the patients with performed appendicitis were over the age of 50 [1, 9, 14, 18] . This finding can be explained in two ways. The first possibility is the presence of two different appendicitis types as with and without perforation threshold and appendicitis with perforation might be more frequent among the elderly. The second possibility is the incidence of appendicitis decreases with increasing age but there are some factors, which might cause the elderly patients not to admit to hospital earlier, compared to the younger ones. According to our data, all appendicitis cases did not result with perforation, because there were phlegmonous appendicitis cases albeit the presences of long term pain. It is possible that the progression of appendicitis inflammation depends on multiple factors. The anatomical and physiological changes of appendix were claimed as a reason of rapid disease progression at older ages [10] . There are several reports, which present high perforation incidence rates in males, comparing with females [1, 18] . A similar tendency was present in our study but, it did not reach a statistical significant level. Considering the diagnostic difficulties in females, it is pretty remarkable that the tendency of perforation in males is higher than females. As a result, the delay of admission is the main predictive factor for appendicitis complications. Development of appendix perforation is not affected by age or gender. The rate of negative laparotomy is higher in females, who are in the reproductive period. Ultrasonography is successful in determining the perforation. However, it is not superior than the clinical examination for diagnosis.
